A case of focal xanthogranulomatous pyelonephritis (XPN) in a child, successfully cured with antibiotics only, is presented, and this report is followed by a review of the literature on XPN in both children and adults. XPN is a rare inflammatory disease of the kidney. Factors strongly implicated in the development of XPN are genitourinary obstruction and urinary tract infection, although other contributing factors have been suggested. The clinical presentation of the disease is remarkably nonspecific and variable; it therefore is frequently misdiagnosed as other, more common diseases that cause focal or diffuse renal masses, including renal neoplasms, abscesses, and tuberculosis. Diagnosis requires acquisition of renal tissue for special pathological staining. The long-standing mainstay of therapy for XPN has been nephrectomy or partial nephrectomy. However, this report and other recent reports of the successful medical management of focal XPN suggest that a trial of antibiotics prior to surgery is warranted in cases of focal XPN.
mittent illness and failure to thrive. During the 2 months prior to admission, the patient had intermittent temperatures to 102°F. During this time, the patient was given three 7-day courses of treatment with amoxicillin by several different physicians. One week prior to admission, the onset of abdominal pain was noted. Dysuria developed 2 days prior to admission.
The patient was first seen in a community hospital emergency department, where a physical examination revealed a temperature of 102°F and dehydration. Initial laboratory tests revealed the following values: WBCs, 20,1001ILL (57% neutrophils, 5% band forms, and no blast forms); hemoglobin, 8.0 g/dL; mean corpuscular volume, 67 fl; platelet count, 586,0001 ILL; lactic dehydrogenase, 1,065 UIL; albumin, 3.1 g/dL; and electrolyte, blood urea nitrogen, creatinine, uric acid, liver function, and cholesterol, all within age-adjusted normal limits.
Urinalysis revealed > 100 WBCs per high-power field (hpf) and 5-9 RBCs/hpf, with 4+ bacteriuria. Urine culture yielded 100,000 cfu of Escherichia coli per milliliter; the isolates were susceptible to ampicillin, cefazolin, gentamicin, trimethoprimsulfamethoxazole, and nitrofurantoin. PPD and HIV tests were negative. Sonography of the abdomen revealed a right kidney mass (6 cm in diameter); radiography of the chest did not reveal any abnormalities.
Upon subsequent referral to our hospital, the patient was noted to have a right-upper-quadrant abdominal mass (7 cm in diameter) that was poorly defined, semifirm, and tender. ACT scan of the abdomen revealed a large right intrarenal mass causing calyceal splaying (figure 1) and extending into the perinephric fat; contiguous inflammation extending superiorly was causing consolidation of the right lung base. Abdominal ultrasonography confirmed a solid 5-cm right intrarenal mass, with consolidation in the right lung base (figure 2A).
Laparotomy revealed an enlarged right kidney, and multiple needle biopsies were performed. Aerobic, anaerobic, and mycobacterial cultures were negative. Histopathologic examination revealed signs of intense acute and chronic inflammation, with a histiocytic predominance. There was no evidence of malignancy. No organisms were noted on gram or acid-fast stains. On staining with hematoxylin and eosin, many hypervacuolar macrophages were noted; no Michaelis-Gutmann bodies were seen. Periodic acid-Schiff (PAS) staining of tissue revealed rare PAS-positive glycogen granules within these macrophages. Oil-red-O staining of tissue for definitive diagnosis could not be performed because no fresh renal tissue was available, but the diagnosis was determined to be XPN.
The patient underwent a nuclear scan that revealed no uptake in the upper pole of the right kidney but normal function of both the lower pole of the right kidney and the entire left kidney. The right kidney maintained 48% of renal function, so the decision was made to attempt management with medical therapy and serial abdominal ultrasonographic follow-ups.
On admission, the patient had been empirically given ceftizoxime iv for 5 days. The patient then was treated with a 21-day course of ampicillin and a 7-day course of gentamicin iv. The patient's condition improved; he gained energy and weight. Ultrasonography on hospital day 26 revealed interval diminishment in size of a hypoechoic right renal upper-pole mass. The patient was subsequently discharged to his home and completed a 3-week course of therapy with iv ceftriaxone.
At 1 month post-discharge, a complete blood cell count and levels of electrolytes, creatinine, and blood urea nitrogen were all found to be within normal limits. At that time, abdominal ultrasonography revealed an interval decrease in size of the hypoechoic right renal mass to -3 cm in diameter (figure 2B); at 5 months post-discharge, it showed evidence of nearly complete resolution of the right renal mass (figure 2e). The patient has achieved appropriate-for-age growth and development since treatment.
Etiology and Pathogenesis of XPN
The etiology of XPN remains a mystery. The two most common factors predisposing to the development of XPN are obstruction and infection of the genitourinary tract, although several other conditions have been noted to be frequently present in patients with this disease (table 1) .
Obstruction of the genitourinary system. There are many well-documented causes of genitourinary obstruction that have been associated with XPN. Obstruction due to calculi has been reported in 38%-83% of cases of XPN [2, 3, 6, 7] . Chemical analysis of calculi associated with XPN has revealed calcium oxalate alone or combined with calcium carbonate and/or calcium phosphate [8] . Thirty-one percent to 50% of stones are of the staghom variety [2, 3, 6, 7] .
In one series of children with XPN, 75% had urolithiasis [9] . However, other reports suggest that XPN with concomitant urinary tract obstruction due to upper tract calculi is more common in adults than in children [10] .
Other causes of obstruction associated with XPN have included congenital abnormalities (e.g., ureteropelvic junction obstruction and severe vesicoureteral reflux), occurring in 18.5% of cases, as well as tumors (e.g., renal cell carcinoma, ureteral carcinoma, and bladder carcinoma) and, rarely, ureteral schistosomiasis [2, 11] . Even when anatomic obstruction cannot be demonstrated, functional obstruction may often be present [2] . It is interesting that obstruction is present in 70%-80% of children with diffuse XPN but almost never occurs in children with the focal form of XPN [8] .
Urinary tract infections. Positive urine cultures have been reported in 50%-75% of cases of XPN [2, 11, 12] . E. coli and Proteus species, the most commonly implicated organisms, are found in 59%-95% ofpositive cultures [7, 11] . However, many other bacteria have been isolated in the urine of patients with XPN, including Klebsiella species, Pseudomonas species, and gram-positive cocci (especially Staphylococcus aureus) [2] . In one series, 33% of patients had mixed infections [7] . Many cases of XPN have been described in which the urine was sterile but cultures of blood and/or renal tissue were positive. It has been suggested that sterile urine cultures may be the result of previous unsuccessful antibiotic therapy or, perhaps, spontaneous elimination of pathogens from the urine but not from the renal parenchyma [2] . Rarely, complete genitourinary obstruction accounts for renal infection associated with sterile urine.
Other factors. Only genitourinary obstruction and urinary tract infection have been consistently associated with XPN. These associations are supported by recent studies in rats showing that ureteral ligation (to simulate obstruction), followed by a single iv injection of E. coli, can cause xanthogranulomatous inflammation [13] . em 1996; 22 (February) However, several other factors have been weakly associated with the development ofXPN. These include diabetes mellitus, abnormal lipid metabolism, lymphatic obstruction, altered immunologic competence, disturbances of leukocyte function (such as chemotaxis, phagocytosis, and lysosomal activity), malignancy, renal arterial insufficiency with resultant localized changes in renal metabolism, renal venous occlusion and hemorrhage, necrosis of pericalyceal fat, prolonged paralysis, alcoholism, malnutrition, hyperparathyroidism, and renal transplantation (xpN may develop in either the native or allografted kidney) [2, 6, 7, 9, II, 12, 14, 15] . Prior urologic instrumentation or surgery was a factor for 38% of patients reported by Malek and Elder [6] .
As noted above, some investigators have postulated that the xanthogranulomatous tissue reaction that occurs in XPN might be due to a specific virulence effect of the infecting organism or to a specific defect in the immune response of the host. Others suggest that a systemic immunologic defect is unlikely in XPN because (I) it is strongly associated with genitourinary obstruction and regresses with relief of the obstruction, (2) the inflammation is localized, (3) nephrectomy is curative, and (4) medical therapy alone may be successful [2, 11, 12, [16] [17] [18] .
Clinical Features
XPN is a disease predominantly affecting adults >40 years of age, but it can occur in people of all ages. The age range in reported cases is 21 days to 90 years [5, 16, 19] . There are some epidemiological and clinical differences between XPN in children and that in adults. In children, the disease most frequently occurs in those <8 years of age, is more frequent in males than in females, and is much more frequently focal (17%-25% of cases ofXPN in childhood), localized, and acalculous [3, 5, 6, 16, 19] . The disease affects the left kidney (57%) slightly more frequently than the right (43%) [5] . In adults, females are afflicted more often than males (range of female-to-male ratios, 3:1 to 5:1); however, in a case series of XPN in adults from India, a 3: 1 male-to-female preponderance was noted [3, 11, 18] . The right kidney has been noted to be involved more often than the left in some reports of adult disease, but not in others [2, 11, 18] . In both children and adults, XPN is almost exclusively a unilateral condition; there are only rare reports of bilateral XPN [5, 20, 21] . The onset of the illness is usually subacute to chronic: 20% of patients are symptomatic for < 1 month, 38% are symptomatic for 1-6 months, and 42% are symptomatic for >6 months prior to diagnosis and treatment [6] . Symptoms are frequently nonspecific and include fever, flank pain, weight loss, malaise/anorexia, and constipation [2, 6, 7, 11] . Urinary symptoms, including dysuria, frequent urination, and hematuria, are uncommon and thus often divert the clinician's attention toward an oncologic cause rather than a urologic cause of the patient's illness [2, 6, 7, 11] . Rarely, a discharging cutaneous fistula originating at the involved kidney may be present, usually draining at the flank or hip [3, 6, 7, 14] . Very rarely, a fistula may present as septic arthritis of the hip [7] .
On physical examination, the discovery of flank tenderness and an ill-defined, palpable flank mass are common [6, 7, 11, 18] . Fewer than one-half of patients present with hypertension or hepatomegaly [2, 6] . Severe toxemia is present more frequently in adults than in children with XPN [2, 11] .
Abnormal laboratory findings associated with XPN include an elevated erythrocyte sedimentation rate, normochromic or hypochromic anemia, and leukocytosis [7, 11] . Serum blood urea nitrogen and creatinine levels remain at the patient's baseline in most cases. Liver function may be elevated secondary to hepatorenal syndrome but may return to normal after nephrectomy or adequate medical treatment. Urinalysis often reveals pyuria, proteinuria, and hematuria [6, 11, 18] . Urine cultures are positive in 50%-75% of cases [11, 12] . Renal parenchymal cultures are positive in nearly all cases. Also, it has been noted from several case series that the spectrum of bacteria cultured from renal parenchyma differs considerably from the spectrum cultured from bladder urine [6, 7, 12] . Blood cultures are only rarely positive [7] . Investigators in one study who detected urine foam cells by serial urine cytology reported an 80% preoperative accuracy in diagnosing XPN with this method; however, follow-up investigations have not supported this finding [3, 7, 22] .
Radiological Features
No radiological feature is diagnostic of XPN. However, imaging abnormalities may be discovered on abdominal radiography and iv pyelography. The latter method is preferred because it provides documentation of both the kidney's function and the status of the kidney's collecting system. Radiography of the abdomen reveals a urinary tract calculus in 70%-79% of patients; 77% of these are staghorn calculi, while the remainder are irregular or round and are visualized at the ureteropelvic junction or in the ureter [11, 18] . The kidney usually appears enlarged, often with an ill-defined outline due to perinephric edema and/or extension of inflammation.
Intravenous pyelography reveals the affected kidney is not functioning in 27%-76% of cases and that it has reduced function in 13%-25% [6, 11, 8] . Normal renal function has been documented by iv pyelography in 4%-10% of cases of XPN [7] . When renal function is adequate for visualization, distortion of renal calyces and hydrocalycosis usually are noted [II] . Rarely, renocutaneous and renocolic fistulas may be documented [7] . Nuclear-medicine renal scanning (e.g., with dimercaptosuccinic acid) can assist in the accurate documentation of residual function in the affected kidney. Results of these nuclear renal scans closely approximate those of iv pyelography. Loss of unilateral renal function is most consistent with diffuse XPN, whereas a functional kidney is usually associated with focal XPN [3] .
Retrograde ureteropyelography has been performed on several patients with XPN but provides few additional data if iv pyelography has already been performed. Retrograde ureteropyelography most often reveals subtotal to total obstruction of the affected ureter or renal pelvis and/or deformity and irregularity of the calyces [4] .
Ultrasonography is helpful in determining the site and size of a renal mass lesion. Hypoechoic areas due to distended XPN actually extends into the perirenal fat [6] . Inflammation may extend into the pararenal spaces, psoas muscles, and surrounding soft tissues, including the intestine and diaphragm, causing fibrosis and adherence of multiple tissues to one another [8, 13] .
Under light microscopy, signs of chronic pyelonephritis may be appreciated, including acute and chronic inflammation with interstitial lymphocytes, plasma cells, and/or neutrophils; interstitial fibrosis; and variable degrees of tubular atrophy· and/ or dilatation. There is a very heavy infiltrate of foam cells, macrophages that appear yellow because of their numerous lipid-laden vacuoles. Multinucleated giant cells may be appreciated in the interstitium [2] . Nuclei are often hyperchromatic, but few appear atypical, and nucleoli are not prominent as they often are in association with renal adenocarcinoma [4] .
A staging system for XPN has been developed. Stage I, nephric XPN, corresponds to inflammation confined to the kidney. This occurs in '"'-'20%-64% of cases. Stage II, perinephric XPN, involves both the kidney and perirenal fat and occurs in 14%-70% of cases. Stage III, paranephric XPN, is kidney, perirenal fat, and widespread retroperitoneal involvement, as seen in 10%-36% ofcases [6, 7] . In addition, XPN is substaged as focal or diffuse, depending upon the extent of renal parenchymal involvement.
XPN is rare and its presentation may be very similar to that of many other diseases of the kidney (table 2). A study of 53 patients with perinephric extension of XPN showed that 12 had a true perinephric abscess; it is thus important to consider XPN in the differential diagnosis for any patient with perinephric abscess [11] . Because of the very similar appearance of calyces and inflammatory masses, with central hyperechoic areas consistent with deposits of granulomatous tissue, are often noted. The presence of a perinephric fluid collection indicates extension of disease beyond the renal capsule [8] . CT scanning is indicated when conventional radiography and/or ultrasonography yields ambiguous findings. CT is very sensitive in showing intrarenal lesions, including calculi, renal destruction, hydronephrosis, and abscesses [11] . Furthermore, it is indispensable in planning the operative management of complex cases of XPN. Extension of inflammation into perinephric fat or adjacent tissues, including the colon, spleen, psoas muscle, and abdominal wall, is often noted [15] . On CT scanning, diffuse XPN is indicated by renal enlargement and multiple low-attenuation, nonhomogeneous areas representing dilated calyces and abscesses, with diminished renal sinus fat. Focal XPN presents as unilateral, unipolar renal tissue destruction that is of low attenuation and does not enhance with injection of contrast material [2, 7] . Retroperitoneal lymphadenopathy is uncommon but may occur with XPN [16] .
In some cases, selective angiography has been used to distinguish XPN from adenocarcinoma ofthe kidney prior to biopsy. In both XPN and adenocarcinoma of the kidney, a disordered intrarenal arterial pattern may be noted, with splaying of the arteries and rare arteriovenous shunts. However, unlike tumoral blood vessels in cases of adenocarcinoma of the kidney, the intrarenal arteries in cases of XPN constrict to adrenaline challenge. In addition, in extrarenal extension ofXPN, renal capsular arteries may be enlarged and extend into the perirenal tissues [11] . Neovascularity or hypervascularity associated with a renal mass is more suggestive of neoplasm than ofXPN [12] . Hypovascularity or avascularity may be indicative of either XPN or a neoplasm with significant central necrosis [6] . It is controversial whether the benefits of selective angiography outweigh the risks.
Diagnosis and Histopathology
Definitive diagnosis of XPN is accomplished by acquisition oftissue for biopsy examination or culture. This may be accomplished by percutaneous fine-needle aspiration or by surgery. Theoretically, percutaneous biopsy could increase the risk of sinus formation or spread of infection; however, this has not been documented [11] . Percutaneous biopsy sampling does not provide adequate tissue for diagnosis ofXPN or renal neoplasm in some cases [15] .
Macroscopically, XPN presents as an enlarged kidney with a thickened capsule and yellow nodules, with or without central necrosis, that replace the renal parenchyma [2] . Suppurative areas of renal tissue may be present [11] . The renal pelvis and calyces may be dilated and/or filled with stones, sludge, or purulent fluid. Congenital or structural abnormality along the collecting system may be noted [2] . Additionally, perirenal fat is inflamed, edematous, firm, and adherent to the diseased kidney in almost every case of XPN, regardless of whether the XPN and malakoplakia in hematoxylin and eosin-stained specimens, malakoplakia should be definitively ruled out by the absence of Michaelis-Gutmann bodies and negative staining for calcium and iron [10, 23] . A significant danger in the diagnosis of XPN is misinterpretation of the foamy macrophages as clear cells consistent with renal adenocarcinoma, because of their similar microscopic appearance [2] . However, the absence of other cytological characteristics consistent with renal adenocarcinoma-such as markedly hyperchromatic and atypical nuclei with many nucleoli, few inflammatory cells, and cells appearing in a glandlike form -suggests a higher probability of XPN. Special stains such as PAS and oil-red-O that demonstrate the absence of glycogen and the presence of fat, respectively, within the foam cells' vacuoles help confirm the diagnosis of XPN. However, it is notable that cases of PAS-positive XPN have been reported [4] . Rare cases of XPN in association with renal adenocarcinoma (11 reported cases) and transitional cell carcinoma of the pelvis (three reported cases) have occurred [15, 24] .
Treatment
Nephrectomy, with or without adjunctive antibiotic therapy, has been the treatment of choice for XPN and is considered curative [11] . Complete nephrectomy is most appropriate for all stages of diffuse XPN and for stage III focal XPN. Other successful surgical techniques for either stage I or stage II focal XPN that have been reported include segmental resection of the affected kidney, and, very rarely, simple incision and drainage of the XPN abscess without removal of renal parenchyma; both should be accompanied by relief of any noted genitourinary obstruction and by primary excision of any fistulas or sinuses [2, 6, 14] . However, one report noted that simple drainage of perinephric abscess associated with XPN did not in itself constitute adequate therapy for cure [11] . Another study suggested that preliminary surgical or percutaneous drainage of extrarenal abscesses prior to definitive surgical therapy decreases the incidence ofpostoperative complications, including cutaneous fistulas, bowel fistulas, and delayed wound healing [8] . The potential complications of surgery necessitate careful consideration of medical or less radical surgical therapy for this disease.
There are rare reports of successful treatment of focal XPN with antibiotics only. Hughes et al. reported a case of focal XPN diagnosed by percutaneous biopsy, for which a 3-week course of netilmicin was curative [16] . Rasoulpour et al. reported a case of focal XPN diagnosed by surgical renal biopsy and successfully treated with iv cefazolin (administered for 2 weeks) followed by cephalexin (orally for 8 weeks). Followup CT scanning at 10 weeks and 15 months showed only minimal focal atrophy at the site ofthe original lesion, and renal function in the affected kidney was assessed as approximately normal by iv pyelography [12] . In addition, three cases of XPN involving renal allograft patients were successfully treated with a variety of iv and oral antibiotics [17, 18] .
The rare association of malignancy with XPN has prompted several authors to dispute the wisdom of medical therapy for XPN. They suggest that both diffuse and focal XPN should be managed with nephrectomy, unless it is absolutely contraindicated, to ensure that early renal malignancy does not go untreated. This, however, is extreme in the case of young patients with focal XPN; the disease may be amenable to medical therapy, and thus far there have been no reported cases of coexistent XPN and malignancy in patients <50 years of age [15, 24] . It thus seems most appropriate to attempt medical therapy without nephrectomy for children with focal disease. However, because adults with focal XPN (especially those > 50 years of age and those with risk factors for renal malignancy) appear to be at an unspecified greater risk of coexistent XPN and renal malignancy, surgical intervention should be more strongly considered. Nephrectomy is appropriate therapy for all patients with diffuse XPN.
The decision was made to attempt conservative medical therapy for our young patient with high residual renal function. The outcome of our case mimics the outcomes reported by Rasoulpour et al. (12) and Hughes et al. [16] . It seems reasonable, therefore, to initiate a trial of antibiotic therapy in cases of focal XPN when there is significant residual function in the affected kidney, especially in cases involving children. Success of medical therapy could be evaluated on an outpatient basis. Should the patient's condition not improve or become worse, surgical cure should then be attempted.
Prognosis
The prognosis for patients with adequately treated XPN is quite good. Although surgical complications such as bleeding, infection, and postoperative duodenocutaneous and colocutaneous fistulas have been reported, these complications are relatively rare [6] . After adequate therapy for XPN, renal function remains stable, and liver function test values return to baseline.
Regarding late complications of XPN, patients have been noted to be at higher risk of hypertension and persistent bacteriuria. Renal amyloidosis has been reported as a late complication of XPN. There has never been a documented case of recurrent XPN.
